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Abstract - Air pollution is a major problem in urban areas that has a detrimental effect on people’s health and wellbeing. 

This pilot study examined the consequences of air pollution in Chennai’s Royapettah neighbourhood. The World Health 

Organization (WHO) issues the critical alert known as the “AQI” (Index of Air Quality), indicating that the air quality in 

the Royapettah zone of central Chennai is between 150 and 170 AQI, with a permitted limit of 50 AQI. The study suggests 

using an algae tank and the aeroponic planting technique as a sustainable way to reduce air pollution and improve the 

health of city dwellers. In addition to reviewing relevant literature and case studies, this study looks into the viability of using 

an algal tank and aeroponics planting to reduce air pollution and enhance both indoor and outdoor air quality. To measure 

the amount of air pollution, a balcony with an algae tank and aeroponics system planted for one month was compared to 

one without plants for one month (April 2024) using Arduino smart sensors that sense components like gas, humidity, 

temperature, oxygen, particle matter, and dust. According to the results, the aeroponic tower planting method was found to 

be an efficient way to reduce air contaminants such as carbon dioxide, Volatile Organic Compounds (VOCs), and 

particulates on balconies with green features like algae tanks and aeroponics systems. Environmental pollutants have 

significantly decreased as a result of algae tanks’ ability to absorb pollutants such as carbon dioxide and carbon monoxide. 

Evidently, aeroponic plants and algae are best absorbed in their natural surroundings free of contaminants, and they also 

enhance the quality of the indoor environment and promote vital health. All things considered, the results emphasize the 

relevance of aeroponic gardening techniques as an organic means of reducing air pollution and fostering healthier urban 

settings. 
 

Keywords - Indoor air quality, Algae, Native species, Aeroponics method, Air pollution and Health effects,  Air quality 

monitoring and management. 

 

1. Introduction  
In six main cities, the number of Urban Agglomerations 

(UAs) has increased noticeably: Bangalore, Hyderabad, 

Delhi, Mumbai, Kolkata, and Hyderabad. Air pollution has 

long been an issue in Tamilnadu, India, due to the region’s 

dense metropolitan population. The region’s quick 

industrialization, urbanization, and economic growth, along 

with the rise in energy demand, are the key causes of this [1, 

2]. Chennai and other major Tamil Nadu cities Owing to 

variations in demographic features, including altered land 

use patterns, anticipated growth of population, change in 

climate, and urban expansion, the air pollution level is 

observed to be five times higher than the prescribed levels 

of World Health Organization (permissible level is 50 AQI), 

and it has the highest UA in India [3]. According to the 

World Health Organization, the Air Quality Index in 

Royapettah zone, Chennai, is 179, measured by the Tamil 

Nadu Pollution Control Board, which is a sensitive warning 

statement. The pollutants under observation include CO, 

CO2, PM- 10, PM- 2.5, SO2, NO2, NH3, formaldehyde, 

TVOCS, and benzene. The Tamil Nadu Pollution Control 

Board monitors the air quality of Chennai through five 

stations (Table 1) [1, 7-12]. 

There are numerous sources of indoor air pollution. 

Typical forms comprise particulate matter released during 

combustion processes such as heating and cooking, Volatile 

Organic Compounds (VOCs) from paints, building 

supplies, and cleaning agents, and biological pollutants 

from mold, pollen, and pet dander. Tobacco smoke, which 

emits toxic compounds, and home items like insecticides 

and air fresheners are additional sources. These pollutants 

can build up in areas with inadequate ventilation, which can 

affect indoor air quality and perhaps lead to health 

problems. 

Fine particulate matter found in indoor pollutants like 

PM2.5 and PM10 can enter the circulation and pierce deeply 

into the lungs, resulting in respiratory and cardiovascular 

problems. Nitrogen dioxide and sulphur dioxide can 

exasperate respiratory disorders and make asthma attacks 

worse. 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1. Air quality index prescribed by National Ambient Air 

Quality Standards, Environmental Protection Agency 

Pollutants 

Allowable 

Annual 

Value 

(µg/m3) 

Maximum 

allowable Daily 

Value - µg/m3 

PM 2.5 35  9–12 

Nitrogen 40  80 

Carbon dioxide 15 37.5 

Carbon 

monoxide 
35 75 

Formaldehyde 5  100–120 

Benzene 5 100 

Sulphur 20 80 

Ammonia 100 400 

PM 10 15  45 

Volatile 

organic 

compounds -

C2H2Cl2 

5 - 7 200 

 

Gases that can impact cognitive function are carbon 

dioxide (CO2) and carbon monoxide (CO), which can both 

obstruct the body’s ability to provide oxygen. Two volatile 

organic compounds that have been connected to respiratory 

issues and cancer are formaldehyde and benzene. Ammonia 

(NH3) has the potential to irritate the respiratory system, 

skin, and eyes. These pollutants’ combined effects have the 

potential to cause serious health issues, such as respiratory 

infections, chronic illnesses, and the aggravation of pre-

existing problems. 

Air pollutants that living organisms breathe constitute 

a greater risk to human health and the environment, 

including sulphur dioxide, particulate matter, nitrogen 

oxides, ozone, and volatile organic compounds [4]. 

Moreover, when inhaled through the respiratory system, it 

can cause cancer, diseases of the reproductive and central 

neurological systems, respiratory and cardiovascular 

conditions, and other grave health problems [5]. While 

certain creatures are found both indoors and outside, others 

penetrate indoor spaces from the outside, affecting both 

human health and indoor air quality [6]. The National 

Ambient Air Quality Standard specifies the maximum 

allowable level of pollution and its average concentration 

(Table 2).  

Table 2. The National Standard for Ambient Air Quality for India 

lists air contaminants and the acceptable levels for each. 

Environmental Quality 

Index (AQI) 
Dividends 

0-50 Good 

51-100 Adequate 

101-200 Poor 

201-300 Modest 

301-400 Incredibly Minimal 

401-500 Extreme 

 

According to numerous studies, due to air pollution 

indoors, children’s health is at great risk with respect to 

chronic obstructive pulmonary disease and acute respiratory 

infections, particularly if they are younger than five years 

old and reside in developed countries. As per the 2020 

World Health Report, the worldwide disease burden is 4.1% 

due to interior pollution, which is ten times greater than 

outside pollution [13]. 
 

Conventional approaches to mitigating air pollution, 

such as industrial control and urban planning, have had 

varied degrees of effectiveness, but they frequently fail to 

address the issue while it is becoming worse very quickly. 

As a result, creative, sustainable methods of reducing air 

pollution that have the potential to be more scalable and 

successful are becoming more and more popular. 

Aeroponics is one such cutting-edge technique that grows 

plants without the need for soil in an air or mist 

environment. Aeroponics’ potential benefits for improving 

air quality have been largely disregarded in studies that have 

already been done, even though they have mostly been 

studied in relation to agricultural efficiency and food 

production. By analyzing the feasibility and effectiveness of 

using aeroponics as a tool for mitigating air pollution, this 

study aims to address this research gap. 

 

This study suggests a fresh, environmentally friendly 

method for reducing air pollution by utilizing aeroponics’ 

natural advantages. In contrast to traditional techniques, 

aeroponics offers a flexible way to improve the quality of 

air in urban areas, including rooftops and vertical gardens. 

Additionally, this study attempts to contrast the 

effectiveness of aeroponic systems and conventional green 

infrastructure techniques in reducing air pollution. This 

study will offer empirical support for the feasibility of 

aeroponics as a long-term urban air quality management 

strategy through the conduct of field research and controlled 

tests. 

 

2. Literature Study 
2.1. The Consequences of Indoor Air Pollution on 

Inhabitants’ Health 
Particulate matter, radon, nitrogen compounds, volatile 

and semi-volatile organic compounds, SO2, O3, CO, and 

microbes are examples of indoor air pollutants [14]. Indoor 

particulate matter 2.5 and 10 have been tied to premature 

death and a number of heart and respiratory illnesses. 

Volatile organic compounds, or VOCs, are present in 

building materials, surfaces, and furniture. They have been 

linked to inflammation of the ENT tract, nausea, cancer, and 

harm to the kidney, liver, and central nervous system. 

Appliances that heat and cook produce NO2, which 

aggravates asthma attacks and breathing problems.  

In addition to causing lung damage and respiratory 

depression, disinfectants and air purifiers damage DNA. 

Fireplaces and cooking stoves emit SO2, which aggravates 

breathing and raises the possibility of cardiovascular, 

pulmonary, and chronic obstructive pulmonary diseases. 

Chest pain, exhaustion, and reduced cognitive function can 

result from the aerosols and carbon compounds released by 

smoking tobacco, using fireplaces, generators, and other 
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gasoline-powered appliances. Radon is present in tap water, 

building supplies, and soil gas, and it causes lung cancer. 

Carpets, fabrics, and padded furniture are examples of 

building materials that irritate the eyes, nose, and throat, in 

addition to damaging central nervous systems and the 

kidneys, which raises the possibility of cancer. Relative 

humidity, cockroaches, houses prone to dust, pet animals, 

flowering plants, and insects are examples of biological 

allergens that can lead to respiratory allergies, sensitization, 

and wheezing [15, 16]. A number of studies have been 

conducted to address the issue of Indoor Air Quality (IAQ). 

Currently, efforts are being made to investigate the usage of 

native plant species and algae that are tolerant of air 

pollution as potential remedies for the problem of IAQ [17]. 

2.2. Air Pollution and Particle Matter are Absorbed by 

Plants 

Plant systems, growth and utility are all impacted by air 

pollution, and these changes can have an adverse impact on 

a plant’s morphology, biochemistry and physiology. Plant 

species that are both sensitive and tolerant to pollution must 

be identified and categorized as the use of plants to reduce 

air pollution spreads, especially in the form of vertical green 

wall systems [18, 19]. Phytoremediation strategies for 

pollution neutralization have been identified through a 

journal analysis. These strategies include Bioremediation 

using algae, fungi, and bacteria, phytoremediation, 

vermiremediation, and zooremediation are the five 

categories of remediation techniques [20].  

According to Kim et al. (2020), plants absorb and break 

down airborne contaminants as part of the atmospheric 

phytoremediation process. Plants above ground primarily 

absorb pollutants through the stomata on their leaves. 

(Kulshreshtha et al.) [21, 22]. Air contaminants can be 

absorbed by plant surfaces, which lowers their 

concentration in crowded locations [23]. The best plant 

species for eliminating air pollution have been found to be 

English ivy Hemigraphis Alternata, asparagus fern and 

honeysuckle [24]. Numerous plant species, including Ficus 

benjamina, Chlorophytum comosum, and Dracaena, or their 

parts, have been shown in an increasing amount of studies 

to either continuously reduce indoor microenvironment air 

pollution concentrations or improve human health [25].  

A 1989 study by the American Landscape Association 

(ALCA) and the National Aeronautics and Space 

Administration (NASA) found that house plants are a great 

way to filter interior air since they absorb airborne 

pollutants and hazardous gasses [26]. The intrinsic ability of 

plants to withstand air pollution is shown by the APTI (Air 

Pollution Tolerance Index), a useful measure for 

categorizing plants according to their sensitivity or 

tolerance to air pollutants [27]. The pH of plant leaves, 

RWC (Relative Water Content), ascorbic acid, and total 

value of chlorophyll are measured to determine it. APTI 

values of ≤11, 12–16, and ≥17 are associated with tree 

species that are categorized as sensitive, moderate, and 

tolerant to air pollution [28]. High indices of tolerance to air 

pollution are possessed by Thespesia populnea, Terminalia 

catappa, Magdalena champaca, Psidium guajava, 

Bougainvillaea spectabilis, Mangifera indica, and Albeza 

Lebbeck. Some species that are particularly vulnerable to 

air pollution include Tecoma stanus, Bauhinia variegata, 

Tabernaemontana divaricata, and Muntingia calabura. 

These plants have low tolerance indices. Enhancing 

vegetation and lowering air pollution can be achieved by 

planting species that have a high air pollution tolerance 

index.  

Additionally, plant-derived algae may help improve the 

quality of air in towns and cities. Because photosynthesis is 

carried out throughout the body, the body’s capacity to fix 

CO2 is ten times greater than that of a huge tree. In order to 

develop, algae must consume pollutants like CO2, CO, 

NO2, and VOCs. As a result, oxygen is spontaneously 

released into the atmosphere by algae [29]. Algae release 

1.33 grams of oxygen and absorb 1.83 grams of carbon 

dioxide per gram, and they also store 0.5 grams of carbon 
[30]. Using algae like spirulina to produce oxygen, a filthy 

air system can reduce carbon dioxide, nitrogen oxide, and 

Sulphur oxide [31]. Using Wi-Fi, Bluetooth, Zig-Bee, 

GPRS, and GPS as communication methods, wireless 

sensor networks and the Internet of Things can be used to 

track air quality data [32]. To measure the amount of Carbon 

monoxide, Nitrogen dioxide, Sulphur dioxide, dust, particle 

matter, and other air pollutants, a variety of sensors, 

including gas, humidity, temperature, oxygen, particulate, 

and dust sensors, are positioned in various locations [33]. 

2.3. Current Improvements and Monitoring of the AQ 

To understand the extent to which particles and gas 

concentrations can contribute to air pollution, air pollutant 

levels must be monitored. Mathematical theory can be 

utilized to detect and forecast the behaviour of air pollutants 

using air pollution modeling, which makes use of the 

monitored parameter.  

The environment can also be protected by using this 

analyzed data to avoid and regulate air pollution factors 

[34]. Because pollution concentrations in the air have an 

impact on air movement, one can research air pollution by 

analyzing meteorological data for a certain area. The source 

of pollutants and inversions, as well as the days when there 

would be a high concentration of pollutants in the air, may 

all be predicted using meteorological data [35].  

Modern technology for monitoring and modeling 

makes it possible to create and refine universal multi-

pollution indicators for tracking the effects of air pollution 

on wellbeing and the economy, as well as to support the 

implementation of programs to track and manage ambient 

air quality improvements [36]. A multitude of Internet of 

Things (IoT) sensors monitor temperature, humidity, light 

intensity, and total dissolved solids in the indoor 

environment [37]. The availability of data from IoT 

technologies has resulted in the creation of a larger database 

that can be used to identify AQI. With existing data, air 

pollutants, namely particulate matter, NOx, SO2, CO, and O3 

can be noticed for future projections [38]. 
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Fig. 1 The block structure of an Internet of Things-based air quality monitoring system
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Thus, the study aims to determine the types of indoor 

air pollution that exist in indoor environments. Effective 

strategies for managing and enhancing IAQ for a 

sustainable built environment are also being discovered in 

the case region of Royapettah, Chennai, Tamil Nadu, India. 

These strategies include the use of algae tanks to introduce 

native species and aeroponics plant growing technologies. 
The Arduino Sensor Kit, an inventive method of monitoring 

air quality, keeps tabs on the primary indoor air pollutants, 

as illustrated in Figure 1. 

 

3. Materials and Methods 
3.1. Pilot Study Area 

The Urban area considered for the pilot study is 

Royapettah, situated in the southern part of Tamil Nadu, 

Chennai, with a Density in population of 39269 per square 

kilometre [39]. Population density per square kilometre 

according to the National Transit Oriented Development 

(TOD) congested area classification is shown in Table 3. 

 
Table 3. The density of dense regions per square kilometre according 

to the National categorization for Transit-oriented development 

Classification 
Population/Sq.km. 

Density 

Extremely minimal Less than 100 

Minimal 101 to 270 

Moderate 271 to 600 

Superior 601 to 1000 

Highly elevated Greater than thousand 

A three-story separate dwelling residence has been 

located, and the study has focused on the second floor of the 

building. As seen in Figure 2, planting ideas have been 

selected close to the windows measuring 1.30 m x 1.20 m 

of three bedrooms facing the main road oriented towards the 

south, as indicated in Figure 3, which is subjected to 

construction activities,  dust particles, and traffic all day 

long. 

 

 
Fig. 2 The resident case study at Royapettah from the roadside 

 

Fig. 3 Pilot research on identified residents at Royapettah 
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3.2. Introduction of Natural Plant Types and Algae 

Three areas of emphasis for the research design are 

as follows: 

• An aeroponic tower with plants placed close to 

Bedroom A’s window, together with an Audrino 

controller, to track the quantity of Nine pollutants 

absorbed by the plant species over the course period 

of one month. A list of suggested plant species is 

provided in Table 4. 

• An Audrino controller-equipped algae tank is 

positioned next to the window of Bedroom B to 

monitor the amount of nine contaminants that the 

spirulina algae absorb over a month. 

• An Audrino controller to monitor nine pollutant 

concentrations for a month (April 2024) is installed 

in bedroom C, which is not planted. 

  
Table 4. Enumeration of suggested plants for eliminating indoor air pollution 

Plants Species 

(Common Name) 
Scientific Name Picture Benefits 

Dumb canes Dieffenbachia 

 

Aids in the removal of airborne pollutants like xylene and 

Tvocs. 

Spider Plant 
Chlorophytum 

comosum 

 

The air purifying plant combats formaldehyde, xylene, 

carbon monoxide, and carbon dioxide. 

Boston Fern 
Nephrolepis 

Exaltata 

 

Boston ferns are natural air purifiers that absorb 

air pollutants such as Tvocs, formaldehyde, xylene and 

toluene and release oxygen. 

Warneck 

Dracaena 

 

Dracaena 

deremensis 

  

Eliminating PM2.5 and 10 formaldehyde, benzene, 

trichloroethylene, and xylene particles from the 

atmosphere. 

Philodendron Philodendron 

 

Removing formaldehyde 

Tomato Plant 

Solanum 

lycopersicum 

 
 

Eliminating 71 percent of the phosphate and 58 percent of 

the nitrate. 

Mint Plant Mentha 

 

Air contaminants include xylene, carbon monoxide, 

formaldehyde, benzene, and particle matter. 

Kale 
Brassica oleracea 

var. sabellica 
 

Formaldehyde, xylene, carbon monoxide, and benzene 

Broccoli 
Brassica oleracea 

var. italica 

 

Xylene, benzene, formaldehyde, carbon monoxide, and 

carbon dioxide 

Spinach Spinacia oleracea 

 

The air purifying plant combats formaldehyde, xylene, 

carbon monoxide, and PM 2.5 and 10. 

Algae-Spirulina 
Arthrospira 

platensis 

 

In contaminated air, sulphur oxide, nitrogen oxide, and 

carbon dioxide can all be reduced by spirulina while 

simultaneously producing oxygen. 
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3.2.1. Aeroponic Plant Tower Location with Respect to 

Bedroom A 

Aeroponics is the practice of growing plants without 

soil in nutrient-rich mist environments. In contrast to 

hydroponic systems, aeroponic systems allow plant roots to 

take up nutrients directly from the aerosol without having to 

come into contact with a liquid medium [40].  

 

Beside the bedroom is the aeroponic chamber. The 

chamber is 63.48 x 30.48 x 152.4 cm, has a window 

measuring 1.3 x 1.2 m, weighs 2.27 kg, and is equipped with 

a submersible water pump that is linked to a 20-liter nutrient 

storage capacity at its base. Each tower has twenty-four 

planting net pots.  

 

Sprinkle the nutrient solution on the roots of the plant 

intermittently using a misting device that has been set up 

inside the area. “The efficient use of plants to remove, 

detoxify, or immobilize environmental contaminants” is 

how the UNEP (2019) defines phytoremediation. Cleaning 

contaminated material with phytoremediation is 

advantageous and safe for the environment. The procedure 

comprises the absorption of pollutants through the roots, 

their accumulation inside the body’s tissues, and their 

degradation and transformation into less dangerous forms. 

[41-43]. Set the timer to spray nutrients for a few minutes 

every hour, depending on the needs of the plant. Nowadays, 

any plant may be grown using aeroponics. Chennai, a city 

with a tropical environment that is warm and humid, is 

where the aeroponics tower is located, as shown in Figures 

4(a) and 4(b) [43]. This approach works best with edible 

plants like tomato, mint, kale, broccoli, and spinach and 

non-edible indoor species like Dieffenbachia, spider plant, 

dracaena, Boston fern, and philodendron. For the study, 

perennial green plants that are good at absorbing pollutants 

to improve indoor air quality—like kale, broccoli, spinach, 

tomato, and mint—have been taken into consideration. The 

experiment was designed using in situ attenuated total 

reflection and photosynthesis in the leaves of Brassica 

oleracea. A FTIR (Fourier transform infrared) spectroscopy 

test was conducted to determine thallium pigmentation in 

kale leaves. The analysis revealed no significant variation in 

the absorption of thallium pigmentation. Significant peaks 

may be attributed to the absorption of macromolecules at 

3,380 cm (-1); significant rises at 2,916 and 2,850 cm (-1) 

may be attributed to the concentration of carbohydrates or 

aliphatic compounds [44]. Broccoli sprouts were shown in 

clinical studies to enhance air pollution detoxification. 

When broccoli sprouts are chewed or consumed as a 

beverage, the compound glutarothenin is transformed into 

sulforaphane. In order to strengthen the body’s capacity to 

get rid of different kinds of pollutants, it works by increasing 

the production of enzymes [45]. During the finish of the 

growth season, the exposure of O3, the interchange of gases, 

and a few more parameters were evaluated. Floating values 

of Fluorescence were reduced at elevated concentrations of 

O3, indicating a change in the effectiveness of the 

Photosystem’s energy conversion [46]. Tomatoes help with 

Particulate matter, are highly lethal to humans and can 

induce lung and cardiac ailments. The primary cause of 

environmental pollution is automobiles. Hence, people 

should stop living close to roadways and conducting human 

activity there [47]. An efficient weapon against the rising 

levels of indoor pollution is a common houseplant called 

mint. NASA has found that plants can eliminate up to 87% 

of the volatile organic compounds in the atmosphere in a 

single day. Benzene, Toluene, Xylene, formaldehyde, and 

trichloroethylene are some of these toxins. Breathing in tiny 

spaces is made simpler by mint [48].  

 

Anthurium, pathos, and spider plants are less efficient 

carbon dioxide absorbers than Dieffenbachia in houseplants. 

The study examined thirty plant species that are members of 

the Agavaceae, Araceae, and Liliaceae families and their 

capacity to remove formaldehyde from the atmosphere. A 

glass box of 1.00 m x 1.00 m x 0.80 m was used to hold each 

plant for seven days. Initially, 15 mg m-3 of formaldehyde 

was placed within the glass box. CV Aglaonema 

Commutatum. The plants that demonstrated the strongest 

resilience to the detrimental effects of formaldehyde 

pollution were white hogweed and Spathiphyllum- 

floribundum. The other species that showed the strongest 

resilience were A. commutatum. Sansevieria trifasciata. 

Hahnii, D. sanderiana, and D. deremensis cv. Compacta. 

The species with the second highest resilience were Silver 

Queen and Alocasia macrorrhiza, which contained 

Dieffenbachia amoena CV. A. CV Camilla Commutatum 

[49]. As an antioxidant, spider plants effectively remove 

harsh chemicals found in cleaning products and furniture, 

such as ammonia, benzene, formaldehyde, and xylene. 90% 

of the poisons must be removed in two days or less. Spider 

plants are one well-known type of plant that cleans the air. 

Having a plant like this is an excellent idea, especially in the 

kitchen and bathroom, where common household products 

like putty, glue, and fillers contain formaldehyde, a 

carcinogen [50]. Warneck dracaena is a plant that thrives 

well in room temperature conditions with minimal light. 

Wax, benzene, formaldehyde, and trichloroethylene can 

also be eliminated with its help. Research indicates that 

dracaena plants are some of the greatest air purifiers 

available. The factory removes formaldehyde, benzene, 

trichloroethylene, and carbon dioxide, all of which are 

linked to a number of health problems. Furthermore, 

dracaena plants tend to increase room humidity, which aids 

in the management of respiratory conditions [51]. The 

Boston fern restores the natural humidity in the air and 

serves as a natural air filter.  

 

Due to its moisturizing properties, the plant has been 

shown to be helpful for people with dry skin or sore noses 

and throats. Nephrolepis Exaltata, or Boston, is the opinion 

of Dr. Bill Wolverton, one of NASA’s leading authorities in 

air quality research. Ferns are among the best plants for 

removing common air pollutants like toluene and xylene 

[52]. Plants with philodendron leaves clean the air by 

removing formaldehyde, which is often found in furniture 

and building supplies. Natural sources of formaldehyde are 

present; prolonged inhalation of the chemical can be 

hazardous. 



Mohammed Waseem Akram et al. / IJCE, 11(8), 24-38, 2024 

 

31 

 

Fig. 4(a) Positioning of an aeroponic plant tower 

 

 
Fig. 4(b) Positioning of an aeroponic plant tower 

 

3.2.2. Spirulina Tank Arrangement Next to Bedroom B 

Spirulina, an algae. Even though roots and tubers are 

less common in this system, they can nevertheless be grown 

with the most sophisticated infrastructure. Spirulina can 

create oxygen in addition to reducing the amounts of carbon 

dioxide, sulphur dioxide, and nitrogen dioxide in the 

atmosphere. A Fibreglass tub of 2 feet by 2 feet in size, 

which holds 226 litres of water cultivation liquid-rich, 

beneficial bacteria along with 1.38 Gms of dried algae and 

an air feeder with the motor facility is part of the setup.  

 

In order to produce oxygen, photosynthesis needs CO2, 

sunlight, and fluorescent lamps above the tank, as seen in 

Figures 5(a) and 5(b) Photosynthesis takes place during the 

day. Algae also take up nutrients from the interior air during 

photosynthesis, including nitrogen dioxide (NO2) and 

Sulphur dioxide (SO2). The two primary dangerous gases 

present in the tainted air are SO2 and NO2. Numerous 

methods can be employed to investigate the concentrations 

of SO2 and NO2. During photosynthesis, one of the most 

important nutrients for spirulina is the NO2 and SO2 gases 

present in the atmosphere. It is possible to calculate the 

amounts of NO2 and SO2 in the contaminated air by 

measuring the amount of these gases dissolved in spirulina 

(algae). 

 

 
Fig. 5(a) Spirulina in an algae tank 

3.2.3. Setting Up an Audrino Controller in an Open Space 

Near Bedroom C 

The Audrino controller was placed in bedroom C, 

which is not planted, next to a 1.3 x 1.2 m window to 

monitor the concentration of nine pollutants for a month, as 

shown in Figures 6 and 7. 
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Fig. 5(b) Algae tank - Spirulina 

 
Fig. 6 An unplanted area with an Arduino controller set up 

3.3. Sensor Integration to Track Performance of Air 

Pollutants 

Arduino controller sensor box will be used to track the 

local pollutants in the air starting in April 2024. Benzene, 

formaldehyde, SO2, NO2, NH3, PM- 10, PM- 2.5 are the 

most frequently occurring air contaminants. 

 

4. Results and Discussions 
4.1 Aeroponic Tower Planting’s Absorption of Air 

Pollutants 

Aeroponics farming seems like a feasible solution 

given the high levels of ammonia, TVOC, formaldehyde, 

benzene, CO2, CO, NO2, and SO2, as well as PM- 2.5 and 

PM- 10. The south-facing bedroom is exposed to high levels 

of vehicular pollution, which an exceeding 179 AQI 

worsens. 

 
Fig. 7 Sensor device of Arduino 

Plant growth and the balcony’s air quality both 

significantly improved with the use of the aeroponic tower 

planting technique. Aeroponic towers, with their vertical 

plant arrangement, enabled the growth of a wide variety of 

flora while optimizing the use of available space. The plants 

demonstrated their adaptability to the aeroponic 

environment with their robust growth and rich foliage. 

Additionally, the roots of the plants were treated with a 

nutrient-rich mist, which enhanced their general health and 

made it possible for nutrients to enter them more 

successfully. 

Aeroponic plants, including warneck, philodendron, 

spider, dieffenbachia, and Boston fern, are excellent 

absorbers of air pollutants, including nitrogen oxides, 

particulate matter, and volatile organic compounds. 

Dieffenbachias are known to absorb carbon dioxide and 

formaldehyde, native spider plants are good at removing 

both formaldehyde and carbon monoxide, Dracaena are 

significant in eliminating ammonia (NH3), and Sword ferns 

are notable for their capacity to rid off formaldehyde [49-

52].  

Utilizing the natural ability of plants like Tomato, Mint, 

Spinach, Kale, and Broccoli to absorb a range of air 

pollutants, aeroponic gardening offers a comprehensive 

approach to air hygiene. Though every plant species has a 

different profile of pollutant absorption, all plant species 

help remove particulate matter, nitrogen oxides, and volatile 

organic compounds from the exterior and interior 

environment. Broccoli successfully eliminates 

formaldehyde, tomatoes effectively remove benzene, mint 

is wonderful at removing both formaldehyde and benzene, 

and kale is well known for its capacity to absorb Sulphur 

dioxide. Palak also aids in the removal of volatile organic 

compounds [44-48]. Aeroponic systems enable better root 

oxygenation and nutrient delivery, which improves plant 

absorption of pollutants.  
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Due to the effective filtering capabilities of plant roots 

suspended in a nutrient-rich mist, aeroponic planting can 

absorb air contaminants. This natural ability to absorb and 

break down air pollutants is evident upto 20% in volatile 

organic compounds, nitrogen oxides – 4%, Carbon 

components – 28% and particulate substances – 27%. This 

novel method takes advantage of plants’ ability to do so, as 

demonstrated in Table 5. With its growth-friendly 

environment that fosters quick plant development, 

aeroponics enhances both the quality of the air and the 

plant’s capacity to absorb pollutants. With its potential to 

significantly lower indoor and outdoor air pollution, this 

technology is a sustainable and environmentally responsible 

approach to reducing the harmful effects of air pollution on 

human health and the environment. In the aeroponic tower 

planting technique, air pollutants such as volatile organic 

compounds, carbon dioxide, and particulate substances 

were successfully reduced (Figure 8). The plants vigorously 

absorbed these pollutants through their leaves and roots, 

purifying the air on the balcony. Furthermore, the presence 

of plants improved the space’s comfort level by contributing 

to the cooling impact through transpiration.

 
Fig. 8 Aeroponic tower planting absorbs air pollutants 

 

Table 5. Average values - Absorption of air pollutants by aeroponic tower planting. 

Gases and 

Pollutants 

Benzene

- (C6H6) 

Carbon -

monoxid

e (CO) 

Carbon

- 

dioxide 

(CO2) 

Sulphur

- dioxide 

(SO2) 

Nitrogen

- dioxide 

(NO2) 

Particulat

e Matter -

PM 2.5 

Particulat

e Matter -

PM 10 

Ammonia

- 

(NH3) 

Formaldehy

de- (CH20) 

Volatile 

Compound

s- (TVOC) 

Aeroponics 

absorption 
97 97 97 88 92 90 95 94 97 98 

Non-

planted 

balcony 

95 82 78 86 89 73 81 92 89 80 

 

4.2. Algae Tank Planted Balconies Absorb Air Pollutants 

Spirulina-filled algae tanks function as potent 

biofilters, removing nitrogen oxides-NOx, Sulphur dioxide, 

particulate matter, and 24% carbon components from the 

air, as shown in Table 6. Spirulina absorbs carbon dioxide 

(CO2), releases oxygen through photosynthesis, and breaks 

down sulphur dioxide and nitrogen oxides. In addition to 

being a sustainable and eco-friendly method of air cleaning, 

algae tanks generate valuable biomass that is high in protein 

and nutrients. 

Utilizing a water tank for the growing of algae, the 

algae tank planted balcony provided a novel method for 

improving air quality and enhancing aesthetics. Algae have 

a well-known ability to both consume and generate oxygen 

through photosynthesis, which helps to filter the air (Figure 

9). The absorption of pollutants is less in aeroponic tower 

planting than in aeroponics planted balconies, but algae 

tanks may need more upkeep and supervision to keep the 

water clean and prevent algae overgrowth. 
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Fig. 9 Absorption of air pollutants by algae tank planted balcony 

 

Table 6. Average values - absorption of air pollutants by algae tank planted balcony. 

Gases and 

Pollutants 

Benze

ne- 

(C6H

6) 

Carbon -

monoxid

e (CO) 

Carbon

- 

dioxide 

(CO2) 

Sulphu

r- 

dioxide 

(SO2) 

Nitrogen

- dioxide 

(NO2) 

Particula

te Matter 

-PM 2.5 

Particulate 

Matter -

PM 10 

Ammoni

a- 

(NH3) 

Formaldeh

yde- 

(CH20) 

Volatile 

Compounds- 

(TVOC) 

Algae tank 

absorption 
96 96 94 87 90 86 91 93 94 95 

Non-

planted 

balcony 
95 82 78 86 89 73 81 92 89 80 

As demonstrated in Table 7, indoor aeroponics 

systems, in conjunction with edible plants and algae tanks, 

show promise in terms of air pollution absorption. Thanks 

to their mutualistic relationship, plants and algae are able to 

efficiently filter out commonly prevailing air pollutants. 

This offers a sustainable way to grow food in addition to 

enhancing the quality of the air indoors. Aeroponics and 

edible plants work together to improve air purification 

effectiveness and provide a nutritious crop, which makes it 

a practical indoor air pollution mitigation solution that also 

encourages self-sufficiency in food production. When 

comparing aeroponics to algae culture, aeroponics produced 

better results, making it the best option for sustainable 

farming methods. 
 

 

Table 7. Average values - Air pollution absorbed by balcony plants with algae and aeroponic tower plants 
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Gases and 

Pollutants 

Benzene 

(C6H6) 

Carbon- 

monoxide 

Carbon- 

dioxide 

Sulphur-

dioxide 

Nitrogen 

dioxide 
PM -2.5 PM -10 

Ammonia 

 
Formaldehyde TVOC 

Non-

planted 

balcony 
95 82 78 86 89 73 81 92 89 80 

Algae tank 

absorption 
96 96 94 87 90 86 91 93 94 95 

Aeroponics 

absorption 
97 97 97 88 92 90 95 94 97 98 
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Fig. 10 Absorption of air pollutants by algae tank and aeroponics- planted balcony 

  

5. Recommendations 
In conclusion, to sum up, using algae tanks with 

aeroponic towers to reduce indoor air pollution is a novel 

and sustainable approach. Utilizing the natural powers of 

plants and algae, this method provides a comprehensive fix 

that not only purges the air but also builds environmental 

resilience. The algal tanks help produce oxygen and 

sequester carbon, which together lessen the negative effects 

of pollution, while the aeroponic towers act as natural air 

cleaners. Adopting this creative blend shows a dedication to 

balancing human endeavours with the environment while 

simultaneously encouraging cleaner air. Optimizing 

aeroponic systems for balcony gardening and investigating 

their possible uses in urban settings will require further 

investigation and testing in the future. Additionally, 

promoting the adoption of green balcony practices and 

cultivating an environmental stewardship culture among 

residents may benefit from community involvement and 

educational initiatives. 

Urban landscapes that integrate aeroponic towers and 

algae tanks provide a tangible route towards a sustainable 

future in which human health and the health of the planet 

coexist harmoniously while addressing the issues of 

urbanization and climate change. 

Limitation of the Study 

The pilot project’s scope is restricted to testing an urban 

balcony facing a roadside that experiences tropical weather 

with an algae tank and an aeroponics plant palette. The 

study, which is conducted at the second-floor level, solely 

addresses the most frequent air pollutants, which include 

Particulate Matter (PM) 10, Particulate Matter (PM) 2.5, 

Sulphur dioxide, Nitrogen dioxide, Ammonia, Carbon 

monoxide, Carbon dioxide, formaldehyde, TVOCS, and 

benzene. Only April, the hottest month of the year, was used 

for the study. 

 

Recognitions 
The research was conducted at RP Illam, Royapettah, 

Chennai, Tamil Nadu, India, for which the authors are 

grateful to the residents. The Municipal Corporation 

Department (Chennai Region), Chennai District, and the 

Office of the Tamilnadu Pollution Control Board are greatly 

appreciated. For assistance with the coding and sensor 

integration with the Arduino controller, the authors also 

thank the Advanced Research Institute, Dr. M.G.R 

University, Chennai, Tamil Nadu, India. We express our 

gratitude to every reviewer and writer who helped make this 

special issue a reality.

References 
[1] Ioannis Manisalidis et al., “Environmental and Health Impacts of Air Pollution: A Review,” Frontiers in Public Health, vol. 8, pp. 1-

13, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

0

20

40

60

80

100

120

In
 µ

g
/m

3

NON PLANTED BALCONY ALAGE ABSORPTION AEROPONICS ABSORPTIONALGAE ABSORPTION

https://doi.org/10.3389/fpubh.2020.00014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Environmental+and+health+impacts+of+air+pollution%3A+a+review&btnG=
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2020.00014/full


Mohammed Waseem Akram et al. / IJCE, 11(8), 24-38, 2024 

 

36 

[2] David Castells-Quintana, Elisa Dienesch, and Melanie Krause, “Air Pollution in an Urban World: A Global View on Density, Cities 

and Emissions,” Ecological Economics, vol. 189, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Huiling Ouyang et al., “Toward Better and Healthier Air Quality: Implementation of WHO 2021 Global Air Quality Guidelines in 

Asia,” Bulletin of the American Meteorological Society, vol. 103, no. 7, pp. E1696-E1703, 2022. [CrossRef] [Google Scholar] 

[Publisher Link]  

[4] Michelle C. Turner et al., “Outdoor air Pollution and Cancer: An Overview of the Current Evidence and Public Health 

Recommendations,” CA: A Cancer Journal for Clinicians, vol. 70, no. 6, pp. 460-479, 2020. [CrossRef] [Google Scholar] [Publisher 

Link] 

[5] Sani Dimitroulopoulou et al., “Indoor Air Quality Guidelines From Across the World: An Appraisal Considering Energy Saving, 

Health, Productivity, and Comfort,” Environment International, vol. 178, pp. 1-11, 2023. [CrossRef] [Google Scholar] [Publisher 

Link] 

[6] Abinaya Sekar, George K. Varghese, and M.K. Ravi Varma, “Analysis of Benzene Air Quality Standards, Monitoring Methods and 

Concentrations in Indoor and Outdoor Environments,” Heliyon, vol. 5, no. 11, pp. 1-11, 2019.  [CrossRef] [Google Scholar] 

[Publisher Link] 

[7] Wen-Whai Li, “Air Pollution, Air Quality, Vehicle Emissions, and Environmental Regulations,” Traffic-Related Air Pollution, pp. 

23-49, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[8] J. Kuttippurath et al., “Record High Levels of Atmospheric Ammonia Over India: Spatial and Temporal Analyses,” Science of the 

Total Environment, vol. 740, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Srimuruganandam Bathmanabhan, and Shiva Nagendra Saragur Madanayak, “Analysis and Interpretation of Particulate Matter–

PM10, PM2.5, and PM1 Emissions from the Heterogeneous Traffic Near an Urban Roadway,” Atmospheric Pollution Research, vol. 

1, no. 3, pp. 184-194, 2010.  [CrossRef] [Google Scholar] [Publisher Link] 

[10] Xihe Zhou et al., “Environmental and Human Health Impacts of Volatile Organic Compounds: A Perspective Review,” 

Chemosphere, vol. 313, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Vinh Van Tran, Duckshin Park, and Young-Chul Lee, “Indoor Air Pollution, Related Human Diseases, and Recent Trends in the 

Control and Improvement of Indoor Air Quality,” International Journal of Environmental Research and Public Health, vol. 17, no. 

8, pp. 1-27, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Mehzabeen Mannan, and Sami G. Al-Ghamdi, “Indoor Air Quality in Buildings: A Comprehensive Review on the Factors Influencing 

Air Pollution in Residential and Commercial Structures,” International Journal of Environmental Research and Public Health, vol. 

18, no. 6, pp. 1-25, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[13] Byeong-Jae Lee, Bumseok Kim, and Kyuhong Lee, “Air Pollution Exposure and Cardiovascular Disease,” Toxicological 

Research, vol. 30, pp. 71-75, 2004.  [CrossRef] [Google Scholar] [Publisher Link] 

[14] Ghorani-Azam et al., “Effects of Air Pollution on Human Health and Practical Measures for Prevention in Iran,” Journal of Research 

in Medical Sciences, vol. 21, no. 1, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[15] Yang Han et al., “Plant-Based Remediation of Air Pollution: A Review,” Journal of Environmental Management, vol. 301, 2022. 

[CrossRef] [Google Scholar] [Publisher Link] 

[16] Amit Maurya et al., “Microbially-Assisted Phytoremediation toward Air Pollutants: Current Trends and Future Directions,” 

Environmental Technology & Innovation, vol. 31, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[17] K.V. Abhijith, and Prashant Kumar, “Field Investigations for Evaluating Green Infrastructure Effects on Air Quality in Open-Road 

Conditions,” Atmospheric Environment, vol. 201, pp. 132-147, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[18] Zihan Wei et al., “A Review on Phytoremediation of Contaminants in Air, Water and Soil,” Journal of Hazardous Materials, vol. 

403, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[19] Prerita Agarwal et al., “Phytoremediation of Air Pollutants: Prospects and Challenges,” Phytomanagement of Polluted Sites, pp. 221-

241, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Arnt Diener, and Pierpaolo Mudu, “How Can Vegetation Protect Us from Air Pollution? A Critical Review on Green Spaces' 

Mitigation Abilities for Air-Borne Particles from a Public Health Perspective-with Implications for Urban Planning,” Science of the 

Total Environment, vol. 796, pp. 1-18, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Yan-Ju Liu et al., “Which Ornamental Plant Species Effectively Remove Benzene From Indoor Air?,” Atmospheric Environment, vol. 

41, no. 3, pp. 650-654, 2007.  [CrossRef] [Google Scholar] [Publisher Link] 

[22] Dong Sik Yang et al., “Screening Indoor Plants for Volatile Organic Pollutant Removal Efficiency,” American Society for 

Horticultural Science, vol. 44, no. 5, pp. 1377-1381, 2009. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Daniele Sofia et al.., “Mitigation Strategies for Reducing Air Pollution,” Environmental Science and Pollution Research, vol. 27, no. 

16, pp. 19226-19235, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Khanoranga Achakzai et al., “Air Pollution Tolerance Index of Plants around Brick Kilns in Rawalpindi, Pakistan,” Journal of 

Environmental Management, vol. 190, pp. 252-258, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Shiboram Banerjee, Arnab Banerjee, and Debnath Palit, “Morphological and Biochemical Study of Plant Species-A Quick Tool for 

Assessing the Impact of Air Pollution,” Journal of Cleaner Production, vol. 339, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.1016/j.ecolecon.2021.107153
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Air+pollution+in+an+urban+world%3A+A+global+view+on+density%2C+cities+and+emissions.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0921800921002111
https://doi.org/10.1175/BAMS-D-22-0040.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Toward+better+and+healthier+air+quality%3A+Implementation+of+WHO+2021+global+air+quality+Guidelines+in+Asia.+&btnG=
https://journals.ametsoc.org/view/journals/bams/103/7/BAMS-D-22-0040.1.xml
https://doi.org/10.3322/caac.21632
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Outdoor+air+pollution+and+cancer%3A+An+overview+of+the+current+evidence+and+public+health+recommendations.+CA&btnG=
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21632
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21632
https://doi.org/10.1016/j.envint.2023.108127
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Indoor+air+quality+guidelines+from+across+the+world%3A+An+appraisal+considering+energy+saving%2C+health%2C+productivity%2C+and+comfort&btnG=
https://www.sciencedirect.com/science/article/pii/S0160412023004002
https://www.sciencedirect.com/science/article/pii/S0160412023004002
https://doi.org/10.1016/j.heliyon.2019.e02918
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+benzene+air+quality+standards%2C+monitoring+methods+and+concentrations+in+indoor+and+outdoor+environments&btnG=
https://www.cell.com/heliyon/fulltext/S2405-8440(19)36577-6
https://doi.org/10.1016/B978-0-12-818122-5.00002-8
https://scholar.google.com/scholar?q=Air+pollution,+air+quality,+vehicle+emissions,+and+environmental+regulations&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/B9780128181225000028
https://doi.org/10.1016/j.scitotenv.2020.139986
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Record+high+levels+of+atmospheric+ammonia+over+India%3A+Spatial+and+temporal+analyses&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0048969720335063
https://doi.org/10.5094/APR.2010.024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+and+interpretation+of+particulate+matter%E2%80%93PM10%2C+PM2.+5+and+PM1+emissions+from+the+heterogeneous+traffic+near+an+urban+roadway&btnG=
https://www.sciencedirect.com/science/article/pii/S1309104215305456
https://doi.org/10.1016/j.chemosphere.2022.137489
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Environmental+and+human+health+impacts+of+volatile+organic+compounds%3A+A+perspective+review&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0045653522039820
https://doi.org/10.3390/ijerph17082927
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Indoor+air+pollution%2C+related+human+diseases%2C+and+recent+trends+in+the+control+and+improvement+of+indoor+air+quality&btnG=
https://www.mdpi.com/1660-4601/17/8/2927
https://doi.org/10.3390/ijerph18063276
https://scholar.google.com/scholar?q=Indoor+air+quality+in+buildings:+a+comprehensive+review+on+the+factors+influencing+air+pollution+in+residential+and+commercial+structures&hl=en&as_sdt=0,5
https://www.mdpi.com/1660-4601/18/6/3276
https://doi.org/10.5487/TR.2014.30.2.071
https://scholar.google.com/scholar?q=Air+pollution+exposure+and+cardiovascular+disease.+&hl=en&as_sdt=0,5
https://link.springer.com/article/10.5487/TR.2014.30.2.071
https://doi.org/10.4103/1735-1995.189646
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+air+pollution+on+human+health+and+practical+measures+for+prevention+in+Iran.+Journal+of+research+in+medical+sciences&btnG=
https://journals.lww.com/jrms/fulltext/2016/21000/effects_of_air_pollution_on_human_health_and.65.aspx
https://doi.org/10.1016/j.jenvman.2021.113860
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Plant-based+remediation+of+air+pollution%3A+A+review&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301479721019228
https://doi.org/10.1016/j.eti.2023.103140
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbially-assisted+phytoremediation+toward+air+pollutants%3A+Current+trends+and+future+directions.&btnG=
https://www.sciencedirect.com/science/article/pii/S2352186423001360
https://doi.org/10.1016/j.atmosenv.2018.12.036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Field+investigations+for+evaluating+green+infrastructure+effects+on+air+quality+in+open-road+conditions&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231018308938
https://doi.org/10.1016/j.jhazmat.2020.123658
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+on+phytoremediation+of+contaminants+in+air%2C+water+and+soil&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304389420316447
https://doi.org/10.1016/B978-0-12-813912-7.00007-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytoremediation+of+air+pollutants%3A+prospects+and+challenges.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780128139127000077
https://doi.org/10.1016/j.scitotenv.2021.148605
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=How+can+vegetation+protect+us+from+air+pollution%3F+A+critical+review+on+green+spaces%27+mitigation+abilities+for+air-borne+particles+from+a+public+health+perspective-with+implications+for+urban+planning.+&btnG=
https://www.sciencedirect.com/science/article/pii/S0048969721036779
https://doi.org/10.1016/j.atmosenv.2006.08.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Which+ornamental+plant+species+effectively+remove+benzene+from+indoor+air%3F+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231006008077
https://doi.org/10.21273/HORTSCI.44.5.1377
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Screening+indoor+plants+for+volatile+organic+pollutant+removal+efficiency&btnG=
https://journals.ashs.org/hortsci/view/journals/hortsci/44/5/article-p1377.xml
https://doi.org/10.1007/s11356-020-08647-x
https://scholar.google.com/scholar?q=Mitigation+strategies+for+reducing+air+pollution.&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11356-020-08647-x
https://doi.org/10.1016/j.jenvman.2016.12.072
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Air+pollution+tolerance+index+of+plants+around+brick+kilns+in+Rawalpindi%2C+Pakistan.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301479716310659
https://doi.org/10.1016/j.jclepro.2022.130647
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphological+and+biochemical+study+of+plant+species-a+quick+tool+for+assessing+the+impact+of+air+pollution&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652622002876


Mohammed Waseem Akram et al. / IJCE, 11(8), 24-38, 2024 

 

37 

[26] G. Buchchi Babu et al., “Evaluation of Air Pollution Tolerance Indices of Plant Species Growing in the Vicinity of the Cement 

Industry and Yogi Vemana University Campus,” Indian Journal of Advances in Chemical Science, vol. 2, no. 1, pp. 16-20, 2013. 

[Google Scholar] [Publisher Link] 

[27] Joshua O. Ighalo et al., “Progress in Microalgae Application for CO2 Sequestration,” Cleaner Chemical Engineering, vol. 3, pp. 1-

15, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Yue Huang et al., “Characteristics of External Carbon Uptake by Microalgae Growth and Associated Effects on Algal Biomass 

Composition,” Bioresource Technology, vol. 292, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[29] Sachin Kumar, Prayag Tiwari, and Mikhail Zymbler, “Internet of Things is a Revolutionary Approach for Future Technology 

Enhancement: A Review,” Journal of Big Data, vol. 6, no. 1, pp. 1-21, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[30] Amir Masoud Rahmani, Suleyman Bayramov, and Behnam Kiani Kalejahi, “Internet of Things Applications: Opportunities and 

Threats,” Wireless Personal Communications, vol. 122, no. 1, pp. 451-476, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[31] Kunwar P. Singh, Shikha Gupta, and Premanjali Rai, “Identifying Pollution Sources and Predicting Urban Air Quality Using 

Ensemble Learning Methods,” Atmospheric Environment, vol. 80, pp. 426-437, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[32] Stuart K. Grange, and David C. Carslaw, “Using Meteorological Normalisation to Detect Interventions in Air Quality Time Series,” 

Science of the Total Environment, vol. 653, pp. 578-588, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[33] P. Asha et al., “IoT Enabled Environmental Toxicology for Air Pollution Monitoring Using AI Techniques,” Environmental 

Research, vol. 205, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[34] Nahla Sadek, Noha kamal, and Dalia Shehata, “Internet of Things Based Smart Automated Indoor Hydroponics and Aeroponics 

Greenhouse in Egypt,” Ain Shams Engineering Journal, vol. 15, no. 2, pp. 1-14, 2024.  [CrossRef] [Google Scholar] [Publisher Link] 

[35] Tarun Kumar, and Amulya Doss, “AIRO: Development of an Intelligent IoT-Based Air Quality Monitoring Solution for Urban 

Areas,” Procedia Computer Science, vol. 218, pp. 262-273, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[36] Yanrui Wu, Understanding Economic Growth in China and India: A Comparative Study of Selected Issues, World Scientific 

Publishing Company, pp. 1-176, 2012. [Google Scholar] [Publisher Link] 

[37] Rakesh Kumar et al., Chapter 8 - Vertical Farming and Organic Farming Integration: A Review, Organic Farming (Second Edition) 

Global Perspectives and Methods, Woodhead Publishing Series in Food Science, Technology and Nutrition, pp. 291-315, 2023. 

[CrossRef] [Google Scholar] [Publisher Link] 

[38] Abid Ali Ansari et al., “Phytoremediation of Contaminated Waters: An Eco-Friendly Technology Based on Aquatic Macrophytes 

Application,” Egyptian Journal of Aquatic Research, vol. 46, no. 4, pp. 371-376, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[39] Wan-Xi Peng et al., “A Review of Plants Formaldehyde Metabolism: Implications for Hazardous Emissions and Phytoremediation,” 

Journal of Hazardous Materials, vol. 436, pp. 1-16, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[40] Stanislaw W. Gawronski et al., “Plants in Air Phytoremediation,” Advances in Botanical Research, vol. 83, pp. 319-346, 2017. 

[CrossRef] [Google Scholar] [Publisher Link] 

[41] Yan Yao et al., “Characterization of Kale (Brassica Oleracea var Acephala) Under Thallium Stress by in Situ Attenuated Total 

Reflection FTIR,” Spectroscopy and Spectral Analysis, vol. 29, no. 1, pp. 119-121, 2009. [CrossRef] [Google Scholar] [Publisher 

Link] 

[42] Patricia A. Egner et al., “Rapid and Sustainable Detoxication of Airborne Pollutants by Broccoli Sprout Beverage: Results of a 

Randomized Clinical Trial in China,” Cancer Prevention Research, vol. 7, no. 8, pp. 813-823, 2014. [CrossRef] [Google Scholar] 

[Publisher Link] 

[43] A. Calatayud et al., “Response of Spinach Leaves (Spinacia oleracea L.) to Ozone Measured by Gas Exchange, Chlorophyll a 

Fluorescence, Antioxidant Systems, and Lipid Peroxidation,” Photosynthetica, vol. 42, pp. 23-29, 2004. [CrossRef] [Google Scholar] 

[Publisher Link] 

[44] B.A. Marie, and D.P. Ormrod, “Tomato Plant Growth with Continuous Exposure to Sulphur Dioxide and Nitrogen Dioxide,” 

Environmental Pollution Series A, Ecological and Biological, vol. 33, no. 3, pp. 257-265, 1984. [CrossRef] [Google Scholar] 

[Publisher Link] 

[45] Reyhan Bahtiyarca Bağdat, and Ebrahem Mohamed Eid, “Phytoremediation Behaviour of Some Medicinal and Aromatic Plants to 

Various Pollutants,” Biotech Studies, vol. 16, no. 1-2, pp. 1-10, 2007. [Google Scholar] [Publisher Link] 

[46] Lai Lai Kyi, “Study on Some Oxygen Bomb Plants for Indoor Air Pollution Abatement,” 3rd Myanmar Korea Conference Research 

Journal, vol. 3, no. 2, pp. 395-402, 2020. [Google Scholar] [Publisher Link] 

[47] Jian Li et al., “Indoor Formaldehyde Removal by Three Species of Chlorophytum Comosum under Dynamic Fumigation System: 

Part 2—Plant Recovery,” Environmental Science and Pollution Research, vol. 28, pp. 8453-8465, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[48] Shivani Chauhan et al., “Analyzing Preferred Indoor Ornamental Potted Plants for their Air Pollution Tolerance Ability,” Polish 

Journal of Environmental Studies, vol. 31, no. 3, pp. 2019-2027, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[49] Tatiana Armijos-Moya et al., “Air Cleaning Performance of Two Species of Potted Plants and Different Substrates,” Applied 

Sciences, vol. 12, no. 1, pp. 1-16, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[50] Kwang Jin Kim et al., “Variation in Formaldehyde Removal Efficiency among Indoor Plant Species,” American Society for 

Horticultural Science, vol. 45, no. 10, pp. 1489-1495, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+air+pollution+tolerance+indices+of+plant+species+growing+in+the+vicinity+of+the+cement+industry+and+Yogi+Vemana+University+campus.&btnG=
https://www.ijacskros.com/artcles/IJACS-M40.pdf
https://doi.org/10.1016/j.clce.2022.100044
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Progress+in+microalgae+application+for+CO2+sequestration&btnG=
https://www.sciencedirect.com/science/article/pii/S2772782322000420
https://doi.org/10.1016/j.biortech.2019.121887
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characteristics+of+external+carbon+uptake+by+microalgae+growth+and+associated+effects+on+algal+biomass+composition&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960852419311174
https://doi.org/10.1186/s40537-019-0268-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Internet+of+Things+is+a+revolutionary+approach+for+future+technology+enhancement%3A+a+review&btnG=
https://link.springer.com/article/10.1186/s40537-019-0268-2
https://doi.org/10.1007/s11277-021-08907-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Internet+of+things+applications%3A+opportunities+and+threats&btnG=
https://link.springer.com/article/10.1007/s11277-021-08907-0
https://doi.org/10.1016/j.atmosenv.2013.08.023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Identifying+pollution+sources+and+predicting+urban+air+quality+using+ensemble+learning+methods&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231013006328
https://doi.org/10.1016/j.scitotenv.2018.10.344
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+meteorological+normalisation+to+detect+interventions+in+air+quality+time+series&btnG=
https://www.sciencedirect.com/science/article/pii/S004896971834244X
https://doi.org/10.1016/j.envres.2021.112574
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=IoT+enabled+environmental+toxicology+for+air+pollution+monitoring+using+AI+techniques&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0013935121018752
https://doi.org/10.1016/j.asej.2023.102341
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%29.+Internet+of+Things+based+smart+automated+indoor+hydroponics+and+aeroponics+greenhouse+in+Egypt&btnG=
https://www.sciencedirect.com/science/article/pii/S2090447923002307
https://doi.org/10.1016/j.procs.2023.01.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+an+Intelligent+IoT-based+Air+Quality+Monitoring+Solution+for+Urban+Areas&btnG=
https://www.sciencedirect.com/science/article/pii/S187705092300008X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Understanding+economic+growth+in+China+and+India%3A+A+comparative+study+of+selected+issues&btnG=
https://www.google.co.in/books/edition/Understanding_Economic_Growth_In_China_A/_svFCgAAQBAJ?hl=en&gbpv=0
https://doi.org/10.1016/B978-0-323-99145-2.00002-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vertical+farming+and+organic+farming+integration%3A+a+review&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780323991452000021
https://doi.org/10.1016/j.ejar.2020.03.002
https://scholar.google.com/scholar?q=Phytoremediation+of+contaminated+waters:+An+eco-friendly+technology+based+on+aquatic+macrophytes+application&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S1687428520300303
https://doi.org/10.1016/j.jhazmat.2022.129304
https://scholar.google.com/scholar?q=A+review+of+plants+formaldehyde+metabolism:+Implications+for+hazardous+emissions+and+phytoremediation&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S0304389422010949
https://doi.org/10.1016/bs.abr.2016.12.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Plants+in+air+phytoremediation.+In+Advances+in+botanical+research+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0065229616301276
https://doi.org/10.3964/j.issn.1000-0593(2009)01-0119-03
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+kale+%28Brassica+oleraceavaracephala%29+under+thallium+stress+by+in+situ+attenuated+total+reflection+FTIR&btnG=
https://www.ingentaconnect.com/content/ssa/ssa/2009/00000029/00000001/art00027
https://www.ingentaconnect.com/content/ssa/ssa/2009/00000029/00000001/art00027
https://doi.org/10.1158/1940-6207.CAPR-14-0103
https://scholar.google.com/scholar?q=Rapid+and+Sustainable+Detoxication+of+Airborne+Pollutants+by+Broccoli+Sprout+Beverage:+Results+of+a+Randomized+Clinical+Trial+in+ChinaDetoxication+of+Air+Pollutants+with+Broccoli+Sprout+Beverage&hl=en&as_sdt=0,5
https://aacrjournals.org/cancerpreventionresearch/article/7/8/813/50355/Rapid-and-Sustainable-Detoxication-of-Airborne
https://doi.org/10.1023/B:PHOT.0000040565.53844.c6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Response+of+spinach+leaves+%28Spinacia+oleracea+L.%29+to+ozone+measured+by+gas+exchange%2C+chlorophyll+a+fluorescence%2C+antioxidant+systems%2C+and+lipid+peroxidation&btnG=
https://link.springer.com/article/10.1023/B:PHOT.0000040565.53844.c6
https://doi.org/10.1016/0143-1471(84)90015-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tomato+plant+growth+with+continuous+exposure+to+sulphur+dioxide+and+nitrogen+dioxide&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0143147184900151
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytoremediation+behaviour+of+some+medicinal+and+aromatic+plants+to+various+pollutants.&btnG=
https://www.biotechstudies.org/abstract.php?id=299
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+on+Some+Oxygen+Bomb+Plants+for+Indoor+Air+Pollution+Abatement&btnG=
https://www.dagonuniversity.edu.mm/study-on-some-oxygen-bomb-plants-for-indoor-air-pollution-abatement/
https://doi.org/10.1007/s11356-020-11167-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Indoor+formaldehyde+removal+by+three+species+of+Chlorophytum+comosum+under+dynamic+fumigation+system%3A+part+2%E2%80%94plant+recovery.&btnG=
https://link.springer.com/article/10.1007/s11356-020-11167-3
https://doi.org/10.15244/pjoes/140291
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analyzing+Preferred+Indoor+Ornamental+Potted+Plants+for+Their+Air+Pollution+Tolerance+Ability&btnG=
https://www.pjoes.com/Analyzing-Preferred-Indoor-Ornamental-Potted-nPlants-for-Their-Air-Pollution-Tolerance,140291,0,2.html
https://doi.org/10.3390/app12010284
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Air+cleaning+performance+of+two+species+of+potted+plants+and+different+substrates&btnG=
https://www.mdpi.com/2076-3417/12/1/284
https://doi.org/10.21273/HORTSCI.45.10.1489
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Variation+in+formaldehyde+removal+efficiency+among+indoor+plant+species&btnG=
https://journals.ashs.org/hortsci/view/journals/hortsci/45/10/article-p1489.xml


Mohammed Waseem Akram et al. / IJCE, 11(8), 24-38, 2024 

 

38 

[51] Burcu Ertit Taştan et al., “SO2 and NO2 Tolerance of Microalgae with the Help of Some Growth Stimulators,” Energy Conversion 

and Management, vol. 64, pp. 28-34, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[52] Martin Nad et al., “Waste-to-Energy Plants Flue Gas CO2 Mitigation Using a Novel Tubular Photobioreactor While Producing 

Chlorella Algae,” Journal of Cleaner Production, vol. 385, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1016/j.enconman.2012.05.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SO2+and+NO2+tolerance+of+microalgae+with+the+help+of+some+growth+stimulators&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0196890412002397
https://doi.org/10.1016/j.jclepro.2022.135721
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Waste-to-energy+plants+flue+gas+CO2+mitigation+using+a+novel+tubular+photobioreactor+while+producing+Chlorella+algae&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652622052957

